Introduction: Liraglutide and sitagliptin were compared on glycemic control and all-cause healthcare costs over a 1-year period among older adults with type 2 diabetes (65-89 years) enrolled in a national Medicare Advantage Prescription Drug health plan. Methods: This was a retrospective study in which the index date was the first prescription fill for liraglutide or sitagliptin between 25 January 2010 and 31 December 2014. Post-index treatment persistence and glycosylated hemoglobin (HbA1 c ) at baseline and 1 year (± 90 days) post-index date were required. Patients were excluded if their record included use of insulin during the baseline period. Inverse probability of treatment weighting using stabilized weights was employed with final covariate adjusted regression modeling to
estimate the primary outcome (mean change in HbA1 c ) and secondary outcomes (achieving glycemic goal and costs), each at 1-year postindex date. Results: Overall, 3056 patients met the selection criteria, of whom 218 filled prescriptions for liraglutide and 2838 for sitagliptin. Adjusted mean change in HbA1 c at 1 year post-index was -0.42 with liraglutide versus -0.12 with sitagliptin (P = 0.0012). Adjusted odds of achieving the treatment goals of HbA1 c \ 7% and achieving an HbA1 c reduction of C 1% were higher for those on liraglutide than for those on sitagliptin (1.68, 95% confidence interval [CI] 1.25-2.24 and 1.76, 95% CI 1.31-2.36), respectively. Total healthcare costs in those achieving an HbA1 c of \ 7% were not significantly different between treatment groups but were higher within the liraglutide group for those achieving an HbA1 c \ 8%. Conclusions: When compared to sitagliptin, liraglutide was associated with greater achievement of an HbA1 c \ 7% over a 1-year period in an older population. This finding was not associated with a statistically significant increase in all-cause total healthcare costs, although costs were slightly higher in the liraglutide group than in the sitagliptin group.
INTRODUCTION
Type 2 diabetes (T2D) is a rising health concern in the USA, particularly within an aging population. In 2015, 9.4% of the total US population was estimated to have diabetes; this number increased to 17.0% when this analysis was restricted to adults aged 45-64 years only and to 25.2% among adults aged 65 years or older [1] . This number is expected to continue to rise due to the aging US population and increased life expectancy of people with diabetes. Older diabetic patients have a higher risk for diabetesrelated complications, including microvascular and macrovascular damage and hypoglycemia, and therefore present significant challenges in achieving strict glycemic control and constitute a growing burden on the US healthcare system [2] [3] [4] .
Despite the importance of effectively managing T2D in older adults, this patient population has often been excluded from randomized clinical trials, and limited data exist on this older population regarding real-world outcomes related to different glucose-lowering therapies [4] . The class of incretin-based therapies, including glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and dipeptidyl peptidase 4 (DPP-4) inhibitors, may allow for improved control of hyperglycemia and offers important advantages to an older population (i.e., minimal risk for hypoglycemia, weight loss, and lower risk for cardiovascular disease associated with GLP-1 RAs) [5] . Previous studies have found that the GLP-1 analogue liraglutide provides sustained glycosylated hemoglobin (HbA1 c ) reduction, achievement of specific HbA1 c goals, and weight loss when compared to the DPP-4 inhibitor sitagliptin [6] [7] [8] [9] [10] [11] [12] . Additionally, retrospective observational studies have demonstrated the cost-effectiveness of liraglutide when compared within and between antidiabetic drug classes; however, cost-effectiveness has not been specifically explored in a T2D population aged 65 years and older [11, [13] [14] [15] [16] .
The aim of the current study was to compare liraglutide with sitagliptin in achieving glycemic control among older people with T2D enrolled in a Medicare Advantage Prescription Drug (MAPD) plan. This was accomplished by evaluating mean change in HbA1 c , mean reduction in HbA1 c of C 1%, and the percentage of patients achieving the treatment goals of HbA1 c \ 7% and HbA1 c \ 8% over a 1-year period. The analysis also compared all-cause healthcare costs (pharmacy and medical combined) in this population. This information may be important when considering real-world treatment in the growing older population with T2D in the USA.
MATERIALS AND METHODS

Data Source
This was a retrospective and observational study. The Humana Research Database (Humana, Louisville, KY), which contains administrative claims data for individuals enrolled in Humana's fully insured commercial and medicare plans was used to compare clinical and cost outcomes between patients treated with liraglutide and those treated with sitagliptin. The database included medical, pharmacy, and laboratory claims of individuals with T2D enrolled in a MAPD plan for the period of 25 July 2009-30 March 2016. The research protocol associated with the manuscript was reviewed and approved as a minimal risk study by Schulman IRB, an independent institutional review board, which determined that the study met the criteria for a waiver of informed consent and waiver of authorization as set forth by the code of federal regulations.
Sample Selection
Analysis included patients (age 65-89 years at index date) who received their first prescription for liraglutide or sitagliptin between 25 January 2010, and 31 December 2014. Patients were also required to have continuous MAPD plan membership throughout the study period, including enrollment for at least 6 months pre-index date and 15 months post-index date ( Fig. 1 ).
Additional inclusion criteria were: evidence of T2D (ICD-9 [International Classification of Diseases, Ninth Revision, Clinical Modification] codes 250.x0 or 250.x2 in any position on C 1 outpatient, acute inpatient, or emergency department [ED] claim in the study period); post-index persistence (defined as having no gaps in treatment of C 60 days in the 365 day post -index treatment period), and available baseline and 1-year follow-up HbA1 c values. Patients were excluded if their record contained evidence of type 1 diabetes mellitus, DPP-4 inhibitor use, or sodium glucose cotransporter 2 inhibitor use in the baseline period, and not meeting the requirement of persistence on medication for 1 year. To minimize possible biases and reduce baseline differences between the two groups, patients were also excluded if they had a record of insulin use in the baseline period.
Study Measures
Patient information included demographics, such as age, gender, and race/ethnicity, and baseline clinical characteristics, such as Deyo-Charleston Comorbidity Index, Diabetes Complications Severity Index (DCSI), HbA1 c level, comorbidities, and the use of antidiabetic medications.
The primary outcome measure was mean change in HbA1 c from baseline to the 1 year (± 90 days) follow-up. If more than one HbA1c result was available, the test result closest to the index date was used for the baseline measure, Fig. 1 Patient sample selection and the test result closest to 1 year from the index date was used for the 1-year follow-up. Secondary outcome measures were percentage of patients achieving a mean reduction in HbA1 c of C 1%, percentage of patients achieving the treatment goals of HbA1 c \ 7% and HbA1 c \ 8%, and percentage of patients achieving these treatment goals with no reported hypoglycemia. Total healthcare costs (allcause pharmacy and medical) in patients achieving these goals with no reported hypoglycemia were also measured. Costs were calculated separately for inpatient hospital, ED, physician office visits, nursing facility, other outpatient encounters, and pharmacy services, and were based on the total amount allowed by the healthcare plan for a given procedure or healthcare encounter. To mitigate the potential for underestimating costs of services provided under capitated arrangements, costs for these services were imputed at the service-line level. Capitated costs were assigned the median value (allowed amount) from non-capitated fee-forservice claims matched by procedure and payment level. Payment level was derived from the source of billing (facility or professional) and the place of service (physician office or facility), similar to the Medicare prospective payment systems. Costs were adjusted to the 2015 value based on the Consumer Price Index Medical Component [17] . Due to a low number of postindex hypoglycemic events, 'no hypoglycemia' was not included in the composite outcome.
Statistical Analysis
Descriptive analyses included demographics, baseline characteristics, and primary and secondary outcomes and were reported as number with percentage, mean with standard deviation, or median with interquartile range. Changes in HbA1 c were analyzed by the t test, the proportions of patients achieving treatment goals were analyzed using the Chi-square test, and costs of achieving treatment goals were analyzed using the Wilcoxon rank sum test. P values of \ 0.05 were considered to be statistically significant.
Glycemic control outcomes were modeled using linear regression (mean change in HbA1 c ) and multiple logistic regression (proportions of patients achieving HbA1 c treatment goals). Rigorous weighting methods (inverse probability of treatment weighting [IPTW] using stabilized weights) [18] were used in adjusted analyses to reduce bias and measured confounding attributed to the nature of the retrospective study design. For the primary outcome, the sample size requirement was estimated to be 140 older patients with T2D in the liraglutide group and 1258 in the sitagliptin group, based on group weights of 10 vs. 90%, respectively, and the detection of a mean change in HbA1 c of 0.4 using a two-sided test with a = 0.05 and power 1 -b = 0.80. To ensure that these statistical methods had achieved adequate balance, baseline covariates were compared between treatment groups by calculating standardized differences. These baseline covariates were considered to be balanced across patient groups if standardized differences were \ 0.10 (see Table 1 ). After weighting, balance was achieved for most variables, except for four covariates (gender, race, health plan type, and level of prior antidiabetic medication use). These four variables were included as independent variables in the final IPTW regression models, along with post-index antidiabetic treatment additions. The final model to detect the difference in change in mean HbA1 c between the treatment groups was adequately powered. Estimated outcomes of glycemic control were reported as odds ratios with 95% confidence intervals (CIs).
Estimated all-cause total cost data (pharmacy and medical) were analyzed using generalized linear models based on a log link and gamma distribution, with and without covariate adjustment.
RESULTS
Overall, 3056 patients met the criteria of persistence on index treatment and had HbA1 c results available within the baseline period and 1 year later ( Fig. 2 ). Within this study population, 218 (7.1%) patients were treated with liraglutide and 2838 (92.9%) patients were treated with sitagliptin. 
Descriptive Analysis
Patient demographics and baseline characteristics of each cohort are shown in Table 2 . The liraglutide treatment group had a lower mean age (70 vs. 73 years), a lower mean DCSI score (0.7 vs. 1.3), a higher prevalence of obesity (28.4 vs. 15.7%), and a lower prevalence of cardiovascular disease (11.9 vs. 26.6%) and nephropathy (13.3 vs. 26.6%) than did the sitagliptin treatment group. In addition, the liraglutide treatment cohort had a greater prevalence of uncontrolled (HbA1 c C 8 but \ 9) or severely uncontrolled (HbA1 c C 9) HbA1 c compared to the sitagliptin treatment group (46.3 vs. 36.3%, respectively). The former were also more likely than the sitagliptin treatment group to have received their prescription from an internal medicine or family medicine physician (14.2 vs. 5.5%) and less likely to have received their prescription from an endocrinologist (29.8 vs. 45.8%). Overall, a majority (72.6%) of patients were from the southern USA, and 60.1% were enrolled in a health maintenance organization-type insurance plan. Post-index date, insulin was added to the therapy of 5.1% of patients in the liraglutide group and 8.0% of those in the sitagliptin group. The descriptive analysis included all primary and secondary outcome measures. Patients who received liraglutide compared with those who received sitagliptin exhibited a significantly greater decrease in mean HbA1 c after 1 year of follow-up ( -0.82 vs. -0.42; P \ 0.0001) ( Table 3 ). The proportion of patients achieving the treatment goal of HbA1 c \ 7% was also significantly higher in the liraglutide group than in the sitagliptin group (51.8 vs. 42.1%; P = 0.0052). Similarly, the proportion of patients achieving the treatment goal of a reduction in HbA1 c C 1% was significantly higher in the liraglutide group than in the sitagliptin group (40.4 vs. 27.3%; P \ 0.0001). Large proportions of both treatment groups achieved the endpoint treatment goal of HbA1 c \ 8% (liraglutide group 78.4%; sitagliptin group 76.2%). No significant total cost difference was observed between liraglutide and Change in HbA1 c was analyzed by linear regression; patients achieving treatment goals were analyzed by logistic regression and odds ratios with 95% confidence interval (CI) is reported *Statistically significant difference at P \ 0.05 a Models were adjusted for gender, race, health plan type, pre-index level of antidiabetic medication use, post-index oral antidiabetic medication use, and post-index insulin use sitagliptin groups achieving an HbA1 c of \ 7% prior to IPTW; although the cost of achieving an HbA1 c of \ 8% was significantly higher (P = 0.001) with liraglutide.
Estimated Outcomes of Glycemic Control
Glycemic control outcomes, estimated using regression models, are presented in Table 4 . The weighted estimated mean decrease in HbA1 c was greater for patients who received liraglutide than for those who received sitagliptin (estimated difference -0.40, 95% CI -0.59 to -0.22; P \ 0.0001), and this difference remained statistically significant clinically when adjusted for covariates (estimated difference -0.31, 95% CI -0.49 to -0.12; P = 0.0012). The weighted odds of achieving the treatment goal of HbA1 c \ 7% were 1.48-fold (95% CI 1.12-1.95) higher for patients on liraglutide compared with those on sitagliptin (P = 0.0054) in the unadjusted analysis, and 1.68-fold (95% CI 1.25-2.24) higher (P = 0.0005) in the adjusted analysis. Additionally, the weighted odds of achieving an HbA1 c reduction of C 1% were 1.81-fold (95% CI 1.36-2.40) higher (P \ 0.0001) and 1.76-fold (95% CI 1.31-2.36) higher (P = 0.0002) for patients on liraglutide in the unadjusted and adjusted analyses, respectively. Regarding the treatment goal of HbA1 c \ 8%, no statistical difference was found between the liraglutide and sitagliptin groups in either the weighted unadjusted or adjusted analyses.
Estimated Total Healthcare Costs
Total all-cause healthcare costs (medical, pharmacy, outpatient, ED visits, and hospitalization) associated with achievement of the HbA1 c \ 7% target were estimated for both the liraglutide and sitagliptin treatment groups. Neither the weighted unadjusted nor adjusted analyses demonstrated statistically significant differences between treatment groups in total healthcare costs for patients achieving a treatment goal of HbA1 c \ 7% (Fig. 3) , although total healthcare costs were slightly higher in the liraglutide treatment group. No difference in total healthcare costs between treatment groups was found among individuals achieving the treatment goal of HbA1 c \ 8% in the unadjusted analysis; however, when adjusted for post-index antidiabetic treatment, the total healthcare cost was 1.25-fold higher in the liraglutide group (US$23,088 vs. US$18,445; P \ 0.0001).
DISCUSSION
After adjusting for baseline characteristics, the results of this study suggest that in an older population, improved glycemic control (greater mean decrease in HbA1 c and increased likelihood of achieving glycemic treatment goals [HbA1 c \ 7%, HbA1 c reduction of C 1%]) was associated more with the use of liraglutide than with the use of sitagliptin. All-cause healthcare costs related to achieving an HbA1 c \ 7% were slightly higher in the liraglutide group compared to the sitagliptin group, but this difference did not reach statistical significance. This lack of significant difference could be the result of the small sample size. Although no significant difference was detected between the liraglutide and sitagliptin treatment groups in rates of achieving an HbA1 c level of \ 8%, most patients in both groups (i.e., [ 75%) achieved this less stringent endpoint. Additionally, the majority of patients in each treatment group had a baseline HbA1 c level of \ 8.0%, suggesting that a lower treatment goal (e.g., 7.0%) may have been considered the most appropriate for many of the study participants. According to T2D treatment guidelines established by the American Diabetes Association, a reasonable HbA1 c goal for many adults without an increased risk for hypoglycemia or other adverse effects of treatment is \ 7%, even in an older T2D patient population who are otherwise healthy and should have low glycemic goals [19] . The relatively small prevalence of comorbidities observed in the liraglutide patient population therefore supports the relevance of a lower HbA1 c goal and our focus on outcomes associated with achievement of an HbA1 c \ 7.0% treatment goal.
GLP-1 RAs and DPP-4 inhibitors are recommended as components of diabetes therapy [20] , with GLP-1 RAs reported to have superior glycemic efficacy, pharmacokinetics, and physiologic activity [21] . Compared to the DDP-4 sitagliptin, the GLP1-RA liraglutide may also provide improved cardiovascular safety risk and a reduction in body weight in an older population [2, 22] . In a clinical trial, compared to a placebo, liraglutide significantly reduced cardiovascular risk factors, including weight, blood pressure, and heart rate. In addition, patients taking liraglutide had a lower risk of nonfatal myocardial infarction, nonfatal stroke, and first occurrence of cardiovascular death compared to the placebo group [22] . In our analysis, the proportion of patients with cardiovascular disease was higher in the sitagliptin group than in the liraglutide group. Consideration of these factors may therefore be of key importance to clinicians, patients, and decision-makers interested in improving outcomes and managing costs associated with T2D.
These data are also supported by similar studies demonstrating superior efficacy and cost-effectiveness of liraglutide versus sitagliptin in the general adult population with T2D [6, 7, 12] . Specifically, the NN2211-1860 (-LIRA-DPP-4) trial comparing the efficacy and safety of liraglutide versus sitagliptin demonstrated a greater lowering of HbA1 c after 26 weeks and 52 weeks of treatment with liraglutide [6, 7] . Additionally, multiple observational studies have confirmed greater reductions in HbA1 c and a higher likelihood of achieving glycemic endpoints with liraglutide versus sitagliptin during a 6-month assessment [8] [9] [10] [11] . A recent real-world study has also highlighted the longterm effectiveness of liraglutide in this population [12] . A meta-analysis also demonstrated the efficacy and safety of liraglutide compared with sitagliptin when combined with metformin [23] . Furthermore, various studies sourcing data from clinical trials and claims data demonstrated better cost-effectiveness of liraglutide compared with sitagliptin, with any increases in pharmacy costs associated with liraglutide being offset by decreases in other diabetes-related medical expenses [13] [14] [15] [16] .
LIMITATIONS
This analysis may be limited by the inconsistency in data collection processes inherent in claims data, including the absence of available disease severity information, an important prognostic factor in determining treatment outcomes. However, IPTW methodology was incorporated as a strategy of mitigating unmeasured confounding. The IPTW methodology may have increased standardized bias; additional sensitivity analysis could quantify any potential residual confounding. Results may also have been influenced by the exclusion of patients with baseline use of insulin, which may have resulted in the selection of individuals with less severe disease and may not be reflective of what is experienced in the realworld clinical setting. The analysis cohort sample size was also limited by the requirement of HbA1 c results and persistence on index therapy; however, these data were considered essential in comparing the effects of liraglutide and sitagliptin treatments. Excluding patients that did not have HbA1c values at 1-year post-baseline could have introduced selection bias. Of note, previous clinical studies comparing the efficacy of liraglutide versus sitagliptin included stratification of liraglutide doses, with a higher dose demonstrating greater efficacy [6, 7] ; however, assigning the liraglutide dose using claims data would be subject to a lack of patient information, and dosing information was therefore not included in the current analysis. The detection of hypoglycemic events using claims data was also limited and potentially restricted to severe events requiring medical intervention, despite the importance of hypoglycemic risk in treating older people with diabetes. This lack of hypoglycemic event data precluded our ability to include 'no hypoglycemia' in composite outcomes. Finally, whereas the study was sufficiently powered for the main outcome, any inference on secondary outcomes (i.e., cost) may not have sufficient sample size and may be subject to type II error. Results reported on secondary outcomes should be used to inform additional research.
CONCLUSIONS
These real-world data add to a body of evidence that suggests liraglutide is associated with a greater HbA1 c reduction compared to sitagliptin, and this association is maintained in an older population. Older people with T2D who initiate liraglutide treatment may be more likely to achieve treatment goals of HbA1 c \ 7% and an HbA1 c reduction of C 1% after 1 year of therapy compared with those who initiate treatment with sitagliptin. Additionally, cost data offer preliminary evidence that glycemic benefits of liraglutide are not associated with a significant increase in all-cause health care costs compared to sitagliptin, although further longer-term evaluation is warranted.
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APPENDIX 1
See Table 5 . 
